ABSTRACT: Understanding the distribution of specific diversity is currently an important focus in marine research, and the role of marine biodiversity has been fully recognised as essential for the proper functioning of the biosphere. The objective of this study was to explain the distribution of macrobenthic taxonomic richness (vagile epifauna, endofauna and sessile epifauna) in the eastern part of the English Channel using both classical methods and applying the mid-domain effect (MDE) model. High diversity was encountered in the eastern English Channel (875 taxa), with high-diversity areas often comprising gravelly or pebbly sediments. Sessile epifauna represented 25% of this inventory, revealing the importance of this group. Our results underline the existence of randomness in the observed species richness distribution due to large number of species with restricted ranges.
INTRODUCTION
The role of marine biodiversity has only recently been fully recognised as essential for the proper functioning of the biosphere (Worm et al. 2006) . In community ecology, understanding the spatial distribution of specific diversity has become an important research focus. In situ, the species taxonomic level is the most easily approachable study unit. Specific diversity is evaluated by estimators of the number of species (species richness) and other indices, such as Shannon's diversity or Pielou's equita bility index, derived from information theory. However, these estimators more or less reduce biodiversity to the number of species, ignoring that certain functions provided by ecosystems, and often invol ved in their resilience, can result from interactions among species (Elmqvist et al. 2003) .
Less is known about marine biodiversity than about terrestrial ecosystems (Hendriks et al. 2006) , since the challenges faced in the marine environment in terms of size and inaccessibility make it considerably more difficult to conduct studies. However, it is essential that marine biodiversity should be documented to enhance our understanding of temporal and spatial ecosystem functions within specific regions of the world. This would ultimately lead to an integrated approach focusing on entire ecosystems rather than fragments of systems.
Since the work of Sanders (1968) , biologists, ecologists and biogeographers have tried to understand how benthic species diversity is distributed with respect to large-scale gradients such as depth (Willig et al. 2003) . Relationships between latitudinal changes and biodiversity do not necessarily need to follow linear or even monotonic functions to be useful (Rex et al. 1993 , Thrush et al. 2006 , and emergent patterns are often driven by the interaction of processes operating at different scales. To understand the role of broad-scale processes in biodiversity, it is necessary to integrate responses operating at different scales of space and time (Thrush et al. 2006) . Following these ideas, Ellingsen (2001) and Ellingsen & Gray (2002) conducted studies along the Norwegian continental shelf and showed that patterns of diversity within a region may depend on the spatial scale over which they are measured, and that differences can occur among habitats considered uniform. In many of their analyses conducted over large areas (considered benthoscapes as defined by Zajac 2008) , correlations among various measures of diversity and environmental variables were not strong. The un explained part of variation may lie in how populations and communities and the diversity patterns generated are shaped by the benthoscape structure. The importance of habitat characteristics in structuring soft sediment diversity was reinforced by Hewitt et al. (2005) , who showed that small-scale biogenic structures and habitat-forming deposits (such as shell debris) can significantly affect β-diversity. Another biogeographic theory, the mid-domain effect (MDE), was developed in the mid-1990s by Colwell & Hurtt (1994) and was based on (and sensitive to) the distribution range of a given species (extremes of a range boundary and midpoint within a bounded domain). The MDE is considered a null model, i.e. excluding all environmental, biological and historical proces ses. Under most conditions, this model, which runs random combinations of geographical ranges within a defined bounded domain, produces a unimodal curve with a mid-domain peak (Colwell 2008) . This model has been confirmed in spatialised applications in 1 (Willig & Lyons 1998 , Colwell & Lees 2000 and 2 dimensions (Bokma et al. 2001 ). Reviews and criti ques of this model can be found in Zapata et al. (2005) , Hawkins et al. (2005) and Colwell et al. (2004) .
The objective of the present paper is to explain the distribution of macrobenthic taxonomic richness (vagile epifauna, endofauna and sessile epifauna) in the eastern part of the English Channel using both classical methods and the MDE. Data used were collected during surveys that aimed to update the knowledge on benthic fauna in the eastern part of the English Channel acquired 30 yr ago in historical surveys, and to provide a quantitative description of benthic communities and data usable in trophic foodweb studies or ecosystem approaches.
MATERIALS AND METHODS

Study site
From 2004 to 2007, a total of 461 stations were sampled from the RV 'Côtes de la Manche', in the eastern basin of the English Channel and the South Bight of the North Sea, between 49°30' 00'' and 51°18' 00'' N latitude and 1°00' 00"W and 2°30' 01" E longitude.
In the eastern English Channel, tidal current strengths increase from 1.5 to 3 knots from the south to the northeast as the narrower part of the Dover Strait is approached. Flow velocity decreases in the southern North Sea where it does not exceed 2 knots (SHOM 1968) . Variations in the speed of the tidal current create a sedimentary gradient (Larsonneur et al. 1982) ; pebbles and gravels dominate in the open sea, whereas coastal areas are dominated by large homogeneous sand banks and associated channel systems (Fig. 1) .
The water quality of the sampling area is largely influenced by 2 main estuaries: the Seine estuary in the south-west and the Scheldt delta in the north-east. Depending on the direction, intensity and duration of the wind, the plumes of both rivers can reach the Dover Strait zone and modify water salinity up to 2 to 3 nautical miles off the French coast (Brylinski et al. 1988 ). Other smaller rivers (i.e. Somme, Authie, Canche, Liane, Aa and Yser, Fig. 1 ) and runoff from sea cliffs contribute to a decrease in the salinity of coastal waters. Although the outflows from these sources are relatively low, they may be locally significant at low tide.
Field sampling design
Sampling was carried out during 6 surveys conducted between March 2004 and August 2007. The sampling grid was regular (resolution of 5' in latitude and longitude, Fig. 2 ) with areas more intensely sampled in the framework of local scientific programmes (e.g. Flanders sandbanks, south Dover Strait sandbanks, Ridens of Boulogne; Fig. 1 ) were taken at each station, the first for granulo metric analysis, and the other 2 for benthic fauna analysis (species and biomass determinations). In the presence of hard substrates (gravels, pebbles and cobbles), a Rallier du Baty dredge was used (sampling standardised to 30 l). Sieving was performed onboard using 2 mesh sizes: a circular 2 mm mesh (which does not retain juveniles but collects more than 95% of the macrobenthic biomass, see Ghertsos 2002 ) and a circular 1 mm mesh. The retained material was preserved for analysis in 5% buffered formaldehyde. A visual description of the sediment type was recorded, along with the depth of the water column, and the location and times at which the sample was collected (replicates were collected from within a close range of each site, using the Differential Global Positioning System).
Sediment samples were analysed for grain size distribution (wet sieving). The macrofauna, including sessile epifauna (countable and non-countable taxa), were identified to the lowest possible taxon and enumerated when possible. The biomass of each taxon was determined based on g of ash-free dry weight per 0.5 m 2 (loss of weight of dry organisms after 6 h at 520°C) as recommended by the ICES Benthos Ecology Working Group (BEWG 1986). As far as possible, photo graphs of sediment and species were taken, and a specimen of each species was conserved to create a photo database and a reference collection.
Analysis of sedimentary and biological data
Of the 461 stations sampled, samples from 318 stations (sieved on 2 mm mesh) were retained for analysis (Fig. 2) . In order to account for substrate heterogeneity, the number of stations studied was increased in heterogeneous areas and reduced in homogeneous ones. (Folk 1954 , Foveau 2009 ), based on 7 categories of sediment types (Table 1) , was used to determine the sedimentary type for each station. Sediments were categorised in this study into coarse sediments (gravels/pebbles) and fine particles (sand; see Fig. 1 for locations of these sediments in the studied area).
Although an evaluation of several diversity indices was undertaken (Foveau 2009 ), only results for total taxa are presented here. The taxonomic richness for all taxa (countable and non-countable) was mapped, using the kriging interpolation method and Genstat software (© VSN International), and represented via ArcGIS software (© ESRI).
PRIMER software was also used to realise the species accumulation curve. Because it is the most pertinent for analysing presence/absence data including epifauna, we used the Chao2 (Chao 1984) estimator and compared it to the accumulation curve of the number of taxa observed. The non-parametric Chao2 method is based on species occurrence. It rests on the hypothesis that non-observed taxa are rare species, and considers that a species is rare when the taxon occurs at only 2 stations.
Changes in the taxonomic richness were studied along a virtual south-west/north-east axis (Fig. 2) . All stations were represented according to their geographic coordinates expressed in a Lambert II geodesic system, and a regression line (with the best R 2 ) was drawn between these points (y = 0.7288x + 2252). All stations were projected on this axis, and new coordinates (in Lambert II, which allows translation in km) were assigned to stations and associated to values of taxonomic richness. To visualise how taxonomic richness changes along the eastern English Channel, the virtual axis was divided either by fixing the number of sampled stations (constant sampling effort, 32 stations) or by defining a number of equidistant sections (for example, sections of 22.43 km if the virtual axis of 224.3 km was divided into 10 sections). For each configuration, the number of species was coun ted per division and represented as histograms. Along this transect, numbers of taxa were also repor ted for each sampling station, and an accumulation curve was built from these projections (for all stations, but also for the 2 categories of sediment i.e. sand and gravel/pebbles). The observed taxonomic richness distribution was compared to the MDE null model, created using the RangeModel 5.0 software (Colwell 2006) , which produces a randomisation disposition of the observed range sizes within the defined studied area (continuous model, Box 5 in Colwell & Lees 2000) . The generation of observed species distribution and predicted mean pattern of richness across the domain was used to represent the 95% confidence intervals, for 100 randomisations of range placement, as suggested by Colwell (2008) . The mean displacement (D) between the simulated and the average random curves was calculated with the program developed by Veech (2000) .
RESULTS
General characteristics of taxonomic richness and links to superficial sediment cover
In total, we identified 875 taxa. Fauna consisted of 251 annelid taxa (28.7% of the fauna), 234 arthropod taxa (26.7%), 159 mollusc taxa (18.2%), 72 bryozoan taxa (8.2%) and 55 cnidarian taxa (6.3%) for the main phyla (Table 2) . Unique taxa (present at only 1 site) and taxa present at 2 sites represented 21.6 and 10.4%, respectively. About 13.8% of the taxa were recorded at ≥50 sites, but no taxon was present throughout the entire study area (the most frequently represented taxon occurred at 223 stations). Most of the stations associated with sand (muddy to coarse sands, heterogeneous or not) had a taxonomic richness less than 80 (Fig. 3 , grey bars). On gravel/ pebbles (heterogeneous or not), taxonomic richness per station was higher, ranging from 60 to 150 (Fig. 3 , black line). Some exceptions were observed in boundary areas, where the assignment of sediment type was problematic (especially for the gravel/ coarse sand proportions).
The absolute value estimated by the Chao2 index (1071.1 ± 37.6 taxa) was higher than the observed value (Fig. 4) . The absence of an asymptote on the estimated taxonomic richness curve suggested that the value was underestimated.
Spatial distribution of taxonomic richness in the eastern English Channel
Total taxonomic richness reached a maximum in the central part of the Channel, off the 'Pays de Caux' and in the Dover Strait (Fig. 5) . The lowest values were observed on the sandbanks located south of the Dover Strait and in the South Bight of the North Sea (Fig. 5) . Uncountable taxa, belonging to the sessile epifauna, were logically mainly associated with pebbled areas, located in the 'Pays de Caux' and the Dover Strait (Fig. 6 ). The location of diversity hotspots (total or sessile epifauna only) coincided with the distribution of gravel and pebbles (Figs. 5 & 6) .
Regardless of the partition type considered (fixed number of stations or equidistant sections), taxonomic richness varied along the virtual axis following a bimodal distribution (Fig. 7) . The highest values of taxonomic richness (> 400 taxa) were observed in the first Fig. 7 ). When the virtual axis was divided into sections of 1 km length, the sum of the number of species recorded followed a bell-shaped curve ( Fig. 8A ) with a maximum of 502 taxa in the middle of the area studied. The absence of an inflexion point in the cumulative curve could mean that the turnover of taxa (i.e. replacement of one taxon by another) in this area was constant. The same methodology was applied for each sediment type (Fig. 8B,C) . While a nearly centred bell-shaped curve is observed for gravel/ pebble sediments, the curve cha racterising sand sediments is a symmetrical. However, these 3 cumulative curves follow a similar pattern.
Compared to the curve computed with RangeModel, our observed taxonomic richness curve exhibits higher values in the western and central parts of the gradient (Fig. 9) . Results from Veech's displacement test give an observed value, D obs , at 256.29 with a range of predicted values, D pred , between 2.17 and 22.06 and a probability of < 0.0001 that D obs ≤ max D pred (based on 1000 trials). The taxo nomic richness curve is highly significant: D obs is high (256.29), and no null iterations (out of 1000) had a higher D value or a higher p-value than the observed value. According to Veech (2000) , our re sults suggest that the observed species richness distribution is partly random (the influence of the axis pattern on the data responses was not evaluated here). 
DISCUSSION
Characterising biological diversity as well as analysing the identity and the role of species in a given ecosystem are important current focuses in ecology. Since the role of a given species in an ecosystem can be variable, certain species may be redundant, thereby ensuring a faster recovery of this ecosystem in the case of disturbance (resilience principle). To better understand these interactions, it is necessary to analyse a stable and diversified ecosystem (Ives & Carpenter 2007) . In the eastern English Channel, a high taxonomic diversity was recorded, with over 860 taxa collected at the 318 stations analysed. Converted to Shannon's index, they cor respond to exceptional values (maxima are close to 6 bits) at the scale of the Channel. The taxonomic richness observed in the present study is among the highest in the studies compared here (Table 2) . Ne vertheless, a quantitative comparison remains difficult because of differences in e.g. scales (local, regional, biogeographical), methodologies (gears, mesh type, sorting) or heterogeneity of habitat. For example, we observed a total taxonomic richness of 875 taxa, which was half that of the Roscoff inventory (1856 taxa; Dauvin & Dewarumez 2002) representing the diversity of the complex mosaic of habitats of the western English Channel, but was nearly twice as high as the more homogeneous central and southern North Sea (455 taxa). In terms of the relative proportions of phyla in the overall diversity of the area, some phyla were of the same order of magnitude as reported in other studies, such as Mollusca and Echinodermata, with proportions of ~18 and ~2.5%, respectively. In contrast, phyla such as Annelida, Porifera and the catch-all group 'Others' were completely different depending on the study analysed. Compared to the 121 Fig. 7 . Number of taxa for (A) fixed number of stations (i.e. constant sampling effort) and (B) equidistant sections along the virtual axis for all data (countable and non-countable taxa; see 'Materials and methods'). Grey areas correspond to the extent of sand sediments Fig. 8 . Evolution of the taxonomic richness along the virtual axis (black) and cumulative number of taxa along the virtual axis (grey) for (A) all stations, (B) gravel/pebble sediments, and (C) sand sediments. RT: taxonomic richness; RT Cum: cumulative taxonomic richness European dataset (W. Appeltans at European Register of Marine Species pers. comm.), our measures of phyla diversity were similar for Arthropoda, Mollusca, Cnidaria, Echinodermata and Chordata but differed for Annelida (28.9 versus 10.9%), Bryozoa (8.2 versus 3.8%), Porifera (3.5 versus 7.0%) and Others (3.5 versus 16.7%) in our study and in the European dataset, respectively.
Difficulties involved in estimations of species richness
Despite the fact that it may slightly overestimate the richness value, Foggo et al. (2003) considered the Chao1 index to be the best estimator of diversity, and ignored Chao2 and incidence-based coverage estimator indices. In contrast, Walther & Morand (1998) considered the Chao2 index to be the best, emphasising that almost all of the species richness estimators yielded over-estimations (which is inherent to the sampling methodology). In our case, Chao2 index computation highlighted that, despite a large sampling effort, taxonomic richness remained underestimated. All aforementioned authors agreed that both sampling strategy and scale were the factors that had the greatest influence on the richness estimators. Some studies (Ellingsen 2001 , Ellingsen & Gray 2002 have effectively demonstrated that sampling effort in a determined area must be well thought out. However, in the marine environment, effective sampling is undermined by difficulties in determining boundaries and extents of habitats/ assemblages, which often leads to blind sampling (Gray 2000) .
The representativeness of the sampling strategy is often a major problem in studies (Gentil & Dauvin 1988 , Ellingsen 2001 ). An accurate collection of rare species (those known to have low occurren ces, i.e. are present at < 5% of sites, with low probability of collection and variation in pattern distribution) re quires a well planned sampling ef fort. When rare species are 'spot' species (i.e. abundant at 1 site), their distribution patterns are restricted in spatial extent (Colwell & Coddington 1994 , Gray 2000 , and a poor sampling strategy would partly miss them, even though they are locally abundant (Elling sen & Gray 2002). In our study, the fact that most of the taxa are rare (> 500 taxa or 65% of the total number of taxa) tended to indicate that the sampling strategy was either exhaustive or that these taxa were widely dispersed and thus difficult to collect. Rarity and frequency of collection of a species could also influence the reliability of a species richness estimator. Most of the estimators are sensitive to the number of single species, but also to the spatial structure of a community, which results from the aggregation pattern of each individual species (Foggo et al. 2003) .
Sessile epifauna: the main compartment
Following the recommendation of Colwell & Coddington (1994) , we chose the Chao2 index as our species richness estimator, primarily to integrate the sessile epifauna (which could be considered as aggregated species) in the inventory (25% of the taxonomic richness in the Channel area). Often neglected because of sampling and identification difficulties, this benthic compartment is an important indicator for some marine typologies, such as the EUNIS classification (Connor et al. 2004 ). This compartment is all the more important because sessile species often provide various microhabitats (see Tsuchiya & Nishihira 1985 and Kostylev et al. 2005 ) for other invertebrates, such as the isopod crustacean Anthura gracilis, which is always found in tubes of the polychaete Spirobranchus spp., Terebellidae (polychaete), whose numbers increase with the comple xity of 122 Fig. 9 . Observed and predicted taxonomic richness curves for the benthic taxa along the virtual axis in the eastern English Channel. These curves were obtained using RangeModel 5 the 3D structure, or the amphipod Ericthonius punctatus, whose numbers increase with the size of hydroids (A. Foveau pers. obs.). The increase in topographical complexity may increase species richness by creating micro-climate areas, making food resources available and generating refuges and new ecological niches (McCormick 1994 , Kostylev et al. 2005 . Interstices between heterogeneous/coarse elements also offer enclaves for deposits of fine sediments and the settlement of species that rely on muddy sediments. These microhabitat opportunities could partly ex plain the differences in specific richness observed between the sand and gravel/pebble sediment categories, as shown by the repartition of the number of species per sediment type in Fig. 3 .
Centres of diversity in the English Channel
Añorve- Sanvicente et al. (1996) , who studied the diversity in the eastern English Channel from data collected in the 1970s by Cabioch et al. (1977) , highlighted that biological diversity was glo bally low at the scale of the whole Dover Strait. They did, however, note a diversity hot-spot in the centre of the Dover Strait, which was unusual for the English Channel. This patch, crossing several sediment and community types, was characterised by high species richness with a marked dominance of a few species. The authors thought that this particular pattern of diversity was linked to a large-scale hydrodynamic process, notably the residual transport from the English Channel to the south of the North Sea (Grochowski et al. 1993) , which determines larval dispersion, as shown by Dewarumez et al. (1993) .
In our study, no clear dominant pattern could be identified (Shannon's diversity index and Pielou's equitability index having high values; see Foveau 2009 for details), and the taxonomic diversity seems highly linked to sediment and benthic community types. High values of species richness were observed on gravel/pebble substrates, located in the western part of the studied area and the Dover Strait. Such differences between historical and recent patterns are difficult to explain since the English Channel is a biogeographical crossing. The longitudinal climatic gradient is a factor determining the distribution of numerous species in the benthic communities (Holme 1966 , Cabioch et al. 1977 . Depending on their ecological preferences, 2 groups of species may be present (Gentil & Cabioch 1997) : the western species, regrouping (1) oceanic species with a large northward distribution but which also occur in the southern English Channel, and (2) species of warmer climates; the eastern species, also called boreal species, which prefer cold waters and are deterred by the warmer western waters.
Climatic change (e.g. sea temperature increase), inducing species to adapt their distribution patterns (see Mieszkowska et al. 2006) , may cause variations in species richness. Areas of high species richness might, then, represent recent increases in the number of species overlaps (ter Hofstede et al. 2010) . Climate change may also facilitate the settlement of exotic species or the explosion of some formerly cryptic ones (Burgiel & Muir 2010 .
Can MDE explain the high diversity in the eastern English Channel?
Many authors (e.g. Colwell & Hurtt 1994 , Gaston et al. 1998 agreed that in addition to ecological phenomena, geological and evolutionary processes may also influence the distribution of taxonomic richness. In the eastern English Channel, physical and biological parameters contribute to maintaining high biodiversity.
Hydrodynamics are among the most important parameters involved in structuring the species composition in the study region. Indeed, in our study area, strong hydrodynamics associated with low bathymetry causes a mixing of water masses over the whole water column (Agoumi et al. 1983) , and coastal and offshore waters have different characteristics (Salo mon & Breton 1991) . The central water mass, originating from the Atlantic Ocean, is characterised by low thermal variation, stable marine salinity and low variation of biological and hydrological parameters such as turbidity, nutrient concentrations, phytoplankton composition and abundance (Visser et al. 1996) . Conversely, the coastal water mass is characterised by high variation of nearly all physical and biological parameters, essentially in response to the existence of a 'fleuve côtier' (a coastal water flow, directed northward, fed by rivers, in particular the Seine, and characterised by low salinities and high organic matter content), inducing a strong hydrological front whose distance to the coast may shift rapidly according to hydrodynamic and wind regimes (Brylinski et al. 1988) . If some communities can withstand such temporal variation of the environment, they may support more species, as suggested by Palmer (1994) . Moreover, hydrodynamics have structured the superficial sediment cover. Thus, the eastern English Channel is a mosaic of different sediment types (Vaslet et al. 1979) . Superficial sediment cover consists of a gradient ranging from coarse sediments (pebbles and gravels) in areas of high tidal energy to fine sediments (sands and muds) in areas of lower energy, such as bays. Finally, the hydrodynamics allow exchanges of larvae coming from the west (western English Channel or Atlantic water masses) or from the North Sea, depending on tidal and wind regimes. The existence of a distribution gradient of species from west to east, as mentioned in some studies (Holme 1966 , Cabioch et al. 1977 , confirms the openness of the Channel and the possible existence of many species.
The second important element is the heterogeneity of the habitats, particularly in heterogeneous sediments. The fact that elsewhere a variety of microhabitats may be observed in heterogeneous sediments led us to use a fine enough sampling grid to detect, as far as possible, the entire range of taxa. The existence of all of these micro-habitats increased the availability of niches, increasing the possibility of a large number of species, including rarer species, occurring. In this case, competition could be a factor regulating population. However, niche overlap does not necessarily assume competition as long as the conditions of the environment are favourable (Pianka 1974) , as might be the case in the eastern English Channel, an area not considered limited in food availability. Moreover, the more species in a community can share resources or use different resources, the richer the community becomes (Pianka 1974 , Palmer 1994 ). However, this particular point cannot be resolved without a serious review of biological species traits and interspecific competition, which is beyond the scope of the present study.
The last important point is the evolution of the communities supported by these habitats. Despite all the niches or food availabilities, communities suffer from natural fluctuations, that are not easily quantifiable. Community evolution could be explained by 'compen sa tory mechanisms' (Connell et al. 1984) , presuppo sing that, given time, rarer species will tend to increase and commoner ones will decrease, maintaining a sort of equilibrium in the ecosystem. In the eastern English Channel, there is a mix between mature and 'immature' (i.e. non-equilibrium status) communities (rank-frequency diagrams, Foveau 2009, unpublished results), which can explain high values of diversity. These mature and immature communities are created by hydrodynamic factors; life history strategies and resilience of the communities then maintain the equilibrium. May & MacArthur 1972 , Pianka 1974 and Palmer 1994 have shown that in a community, the non-equili brium status increases species richness because of the existence of high species overlap ('niche overlap hypothesis').
In his review on variation in species richness, Palmer (1994) highlighted the question that has been raised by many ecologists: 'Why do so many species coexist?' He developed the 'competitive exclusion principle' (also known as Gause's law), with 7 associated conditions. For a given 'suite of species, interspecific competition will result in the exclusion of all but one species' (Palmer 1994, p. 519) , and the more the conditions associated with this principle are violated, the more species are encountered. In the eastern English Channel, most of the conditions are violated, which can explain the high diversity encountered.
Even though some ecological or biological phenomena may be inferred (Colwell & Hurtt 1994) , random distribution might also explain the observed patterns of species diversity. Random distribution is based on the assumption that for all taxa, all range sizes and placements tend to follow the same distributions between the limits of the studied domain. Random distribution may be related to theories of extinction and minimum viable population size (Lande & Barrowclough 1987) , which state that a large number of individuals is required in a population to ensure its genetic viability, by allowing long-term survival through genetic plasticity and therefore adaptability to environmental changes. The model used in our study emphasises that the spatial variation in range size is linked, in many communities, to the existence of many species restricted to relatively small areas and some species associated with larger areas, the species' geographic range being the fundamental unit. The distribution of taxa with large ranges may affect the geometric constraints of the null model (Colwell & Hurtt 1994 , Colwell et al. 2004 . Taxa with small ranges can occur virtually anywhere in a considered domain, in contrast to those with large ranges that are necessarily centred and contained within the domain (since this is a condition of the model). As a consequence, the MDE model seems to be a better predictor of species with large ranges (whose distributions often largely overlap the domain boundary) than of those with small ranges.
The logical continuation of this study, currently underway, concerns the trophic interactions between biological compartments, to better understand the structure of the trophic network (Garcia et al. 2011) . Coupling this extraordinary dataset to life-history traits or the role of engineer species should allow us to determine the respective importance of various compartments to ecosystem functional diversity and estimate the impact of decreasing marine biodiversity (Gray 2000) . This means continuing to collect data in situ and ensuring the highest possible precision in the identification of collected taxa as well as taking into account innovative methods such as habitat modelling. Integrated into management plans of marine ecosystems, such crucial knowledge is strategic for the designation of marine protected areas and associated conservation plans. 
